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Description

BACKGROUND OF THE INVENTION
(Field of the Invention)

[0001] The present invention relates to a pressure
regulating device for regulating a pressure applied to an
area of a living body to be measured during a measure-
ment of a biological information with the use of an opti-
cal biological information measuring apparatus and,
more particularly, to the pressure regulating device uti-
lized in the apparatus to ensure a tight contact between
the area of the living body and a detecting probe under
a predetermined pressure.

(Description of the Prior Art)

[0002] An optical biological information measuring
apparatus for measuring a biological information (which
information is hereinafter referred to as a "biodata”)
from an area of a living body, for example, from a portion
of the palm of a hand of a human being, has been well
known in the art and is disclosed in, for example, the
Japanese Laid-open Patent Publication No. 6-14906.
This optical biodata measuring apparatus comprises a
detecting probe for irradiating the area of the living body
and also for receiving rays of light transmitted through
and/or reflected from the area of the living body, and an
optical measuring system for measuring or analyzing
spectra of the transmitted and/or reflected light to pro-
vide the biodata of interest based on those spectra. The
detecting probe generally includes a light emitting ele-
ment from which the light is irradiated towards the area
of the living body and a light receiving element for
receiving or detecting the transmitted and/or reflected
light and is adapted to contact the area of the living body
to be measured during the biodata measurement.
When such an optical biodata measuring apparatus is
utilized, conditions under which the biodata measure-
ment is carried must be kept constant and, in particular,
the pressure applied to and the temperature of the area
of the living body must be kept constant throughout the
entire cycle of the biodata measurement.

[0003] With the optical biodata measuring apparatus
of the kind disclosed in the above mentioned publica-
tion, the use has been made of a clip or a double-sided
adhesive tape to secure the area of the living body to be
measured to the detecting probe and nothing about the
pressure and the temperature of the area of the living
body is discussed. For this reason, should the posture
of the living body (for example, the orientation of the
hand in the case where the area of the living body to be
measured comprises a portion of the palm of the hand)
change, and/or should the temperature environment
change, measurements of the biodata would corre-
spondingly change, eventually resulting in deviation in
measured biodata accompanied by reduction in accu-

10

15

20

25

30

35

40

45

50

55

racy of the biodata.

[0004] Also, with the prior art optical biodata measur-
ing apparatus, another problem has been found in that
the contact of the area of the living body with the detect-
ing probe is not sufficient and the biodata measured
tend to vary accompanied by reduction in accuracy of
the measured biodata.

[0005] In the meantime, it often occurs that the bio-
data measurement is to be performed subject to the
area of the living body in a condition in which no blood
component is contained in the area of the living body. In
such case, the prior art optical biodata measuring appa-
ratus requires complicated and time-consuming proce-
dures because the flow of the blood within the area to
be measured must be interrupted by any means (for
example, tightly fastening a portion of the living body
adjacent the area to be measured) prior to commence-
ment of the biodata measurement.

SUMMARY OF THE INVENTION

[0006] Accordingly, the present invention has been
developed with a view of substantially eliminating the
above discussed problems and is intended to provide a
means by which when the biodata measurement is to
be carried out with the use of the optical biodata meas-
uring apparatus the pressure and/or the temperature of
the area to be measured can be controlled to a prede-
termined value uniformly at all times, the contact
between the area to be measured and the detecting
probe can be increased, and the biodata measurement
can be performed under a condition with no blood con-
tained in the area to be measured.

[0007] To this end, the present invention provides, in
accordance with one aspect thereof, a method of regu-
lating a pressure applied to an area of a living body to
be measured during a biodata measurement with the
use of a biodata measuring apparatus designed to irra-
diate with light the area of the living body by means of a
detecting probe then held in contact with the area of the
living body, then to detect light transmitted through
and/or reflected from the area of the living body, and
finally to measure a predetermined biodata within the
living body on the basis of a spectrum of the transmitted
and/or reflected light. This method comprises pressing,
during the biodata measurement, the area of the living
body with a predetermined pressure through a soft
pressure medium to thereby regulate the pressure
applied to the area of the living body to a value equal to
the predetermined pressure.

[0008] According to the method described above,
since during the biodata measurement, the pressure
applied to the area to be measured is controlled to the
predetermined pressure, variation in biodata measured
can be reduced, accompanied by increase in accuracy
of measurement with the biodata measuring apparatus.
Also, since the living body or the area to be measured is
pressed against the detecting probe, the contact
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between the detecting probe and the area to be meas-
ured can advantageously enhanced, accompanied by
increase in accuracy of measurement with the biodata
measuring apparatus. In addition, since the predeter-
mined area of the living body is pressed through the soft
pressure medium, the area can be pressed uniformly
regardless of the presence of surface irregularities at
the area to be pressed.

[0009] Preferably, the predetermined area of the living
body is pressed from above the area to be measured..
By so doing, the area to be measured is positioned
immediately below the area (hereinafter referred to as a
pressure applying area) of the living body to be pressed
and, therefore, the pressure applied to the pressure
applying area and the pressure applied to the area to be
measured can be substantially equalized with each
other. Accordingly, if the pressure applied to the pres-
sure applying area is kept constant, the pressure
applied at the area to be measured can be correspond-
ingly kept constant with high accuracy.

[0010] Also preferably, equalization of the applied
pressure to the predetermined value is carried out by
increasing the pressure applied to the area of the living
body to a value higher than the predetermined value,
and subsequently lowering the applied pressure down
to a value equal to the predetermined value. This is par-
ticularly advantageous in that when the pressing force is
increased, air present between the area to be measured
and the detecting probe can be expelled assuredly to
allow the area to be measured to tightly contact the
detecting probe.

[0011] According to another aspect, the present
invention also provides a pressure regulating device for
regulating a pressure applied to an area of a living body
to be measured during a biodata measurement with the
use of a biodata measuring apparatus designed to irra-
diate with light the area of the living body by means of a
detecting probe then held in contact with the area of the
living body, then to detect light transmitted through
and/or reflected from the area of the living body, and
finally to measure a predetermined biodata within the
living body on the basis of a spectrum of the transmitted
and/or reflected light. The apparatus comprises a press-
ing means for pressing, during the biodata measure-
ment, the area of the living body with a predetermined
pressure through a soft pressure medium, and a pres-
sure gauge fitted to the pressing means so as to inter-
vene between the pressing means and the living body
during the biodata measurement.

[0012] In this pressure regulating device, the pressure
applied to the pressure applying area of the living body
can be detected by the pressure gauge. Accordingly, if
the pressure applying area is pressed by means of the
pressing means so that an indication of the pressure
gauge matches with the predetermined value, the pres-
sure applied to the area to be measured can be kept
constant at the predetermined pressure.

[0013] Thus, since the pressure applied to the area to

10

15

20

25

30

35

40

45

50

55

be measured is controlled to the predetermined pres-
sure, variation in biodata measured can be reduced,
accompanied by increase in accuracy of measurement
with the biodata measuring apparatus. Also, since the
living body or the area to be measured is pressed
against the detecting probe, the contact between the
detecting probe and the area to be measured can
advantageously enhanced, accompanied by increase in
accuracy of measurement with the biodata measuring
apparatus. In addition, since the predetermined area of
the living body is pressed through the soft pressure
medium, the area can be pressed uniformly regardless
of the presence of surface irregularities at the area to be
pressed.

[0014] Preferably, in the above described pressure
regulating device, the pressure gauge is positioned
immediately above the detecting probe. By so doing, the
area to be measured is positioned immediately below
the area (hereinafter referred to as a pressure applying
area) of the living body to be pressed and, therefore, the
pressure applied to the pressure applying area and the
pressure applied to the area to be measured can be
substantially equalized with each other. Accordingly, if
the pressure applied to the pressure applying area is
kept constant, the pressure applied at the area to be
measured can be correspondingly kept constant with
high accuracy.

[0015] Also, the pressure medium preferably com-
prises either a balloon made of a material selected from
the group consisting of a rubber material, a soft syn-
thetic resin and a hard synthetic resin, or a cushioning
member made of a material selected from the group
consisting of a rubber material, a soft synthetic resin
and an inorganic plastic material. This is particularly
advantageous in that the pressure medium effective to
uniformly press the living body easily can be manufac-
tured at a reduced cost.

[0016] Moreover, the pressing means preferably com-
prises a biasing spring capable of applying a pressing
force to the area of the living body to press the latter, so
that the pressing means can have a simplified structure
and can be manufactured at a reduced cost. For a simi-
lar reason, the pressing means may be of a type opera-
ble to apply a pneumatic pressure to the area of the
living body to press the latter.

[0017] Furthermore, the pressing means may be of a
type capable of applying a force, strong enough to inter-
rupt circulation of a blood in the area of the living body,
to the area of the living body to press the latter, so that
by increasing the pressing force of the pressing means
the biodata measurement can be carried out while the
area to be measured contains no blood component.
[0018] The pressure regulating device may further
comprise a plate for supporting thereon the living body
during the biodata measurement. In this case, the
detecting probe protrudes a distance outwardly from a
top surface of the plate to enhance the contact of the
detecting probe with the area to be measured.
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[0019] In addition, where the pressure regulating
device is provided with the plate for supporting thereon
the living body during the biodata measurement, the
plate is preferably provided with a plate temperature
control means for controlling a temperature of the plate
to a predetermined value. This is because while in gen-
eral the measured biodata will undergo a change during
the biodata measurement with change in temperature of
the area to be measured, the use of the plate tempera-
ture control means is effective to keep the temperature
of the area to be measured at a predetermined constant
value to increase the accuracy of measurement of the
biodata.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The present invention will become readily
understood from the following description of preferred
embodiments thereof made with reference to the
accompanying drawings, in which like parts are desig-
nated by like reference numeral and in which:

Fig. 1 is a schematic diagram, with a portion shown
in section, showing an optical biodata measuring
apparatus embodying the present invention;

Fig. 2 is a fragmentary sectional view of a portion of
a pressure regulating device employed in the bio-
data measuring apparatus shown in Fig. 1;

Fig. 3 is a fragmentary sectional view of that portion
of a modified form of the pressure regulating
device;

Fig. 4 is a schematic perspective view showing a
positioning device used in the biodata measuring
apparatus;

Fig. 5 is a view similar to Fig. 4, showing a hand
having been positioned at a predetermined meas-
uring site by the positioning device;

Fig. 6A is a perspective view of one of holder rings
employed in the positioning device;

Fig. 6B is a view similar to Fig. 6A, showing a mod-
ified form of the holder ring;

Fig. 7A is a side view of one of arresting poles
employed in the positioning device;

Fig. 7B is a view similar to Fig. 7A, showing a mod-
ified form of the arresting pole;

Figs. 8 and 9 are views similar respectively to Figs.
4 and 5, showing a modified form of the positioning
device;

Fig. 10 is a perspective view, on an enlarged scale,
showing one of pressing units employed in the
modified positioning device shown in Fig. 8;

Fig. 11 is a graph showing a characteristic change
in measured biodata of a living body with change in
body temperature;

Fig. 12 is a graph showing standard deviations
between the measured biodata obtained with and
without the use of the pressure regulating device,
respectively; and
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Fig. 13 is a graph showing standard deviations
between the measured biodata obtained with and
without the use of the positioning device, respec-
tively.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0021] Referring now to Fig. 1, there is schematically
shown a system diagram of an optical biodata measur-
ing apparatus embodying the present invention. As
shown therein, the optical biodata measuring apparatus
is so designed as to measure a biodata such as, for
example, the concentration of a biological substance or,
particularly, the glucose content from a portion of the
palm of a patient's hand. For this purpose, the illustrated
optical biodata measuring apparatus basically com-
prises a heating plate 1 for the support of an area to be
measured, which in the illustrated embodiment is the
patient's hand 2 with its palm held in contact therewith,
a detecting probe 3 for irradiating the area to be meas-
ured that is held in contact therewith and also for receiv-
ing rays of light transmitted through and reflected from
the area to be measured, and an optical measuring sys-
tem 4 for measuring or analyzing spectra of the trans-
mitted and reflected light to provide the biodata of
interest based on those spectra.

[0022] The detecting probe 3 is so positioned as to
protrude about 5 mm upwardly from an upper surface of
the heating plate 1 in order to enhance the contact
between the area to be measured and the detecting
probe 3.

[0023] The optical measuring system 4 includes a
light source 5, a spectrometer 6, a transmitting light
guide 7 in the form of a bundled optical fiber, a receiving
light guide 8 in the form of a bundled optical fiber, a
detector 9 and an interface circuit 10. This optical meas-
uring system 4 is so designed and so operable that rays
of light emitter from the light source 5 can be analyzed
by the spectrometer 6 to provide a measuring light of a
predetermined wavelength which is subsequently trans-
mitted to the detecting probe 3 through the transmitting
light guide 7. The detecting probe 3 employed in the
illustrated embodiment has a light emitting area (not
shown) from which the measuring light can be irradiated
to illuminate the area to be measured and also has a
light receiving area (not shown) for receiving the light
transmitted through and reflected from the area to be
measured.

[0024] The optical measuring system 4 is also opera-
ble that the transmitted and reflected light received by
the detecting probe 3 can be transmitted through the
optical light guide 8 to the detector 9 where the transmit-
ted and reflected light is converted into an electric signal
that is subsequently supplied to an arithmetic control
unit 11 through the interface circuit 10. The arithmetic
control unit 11 operates in response to receipt of the
electric signal from the interface circuit 10 to determine
the spectrum of the transmitted and reflected light and
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also to determine the biodata based on the resultant
spectrum, the biodata being subsequently outputted to
an output unit 12 which may comprise a display and/or
a printer.

[0025] Generally in the optical biodata measuring
apparatus, change in temperature (body temperature)
during the measurement tends to be accompanied by
change in measurement of the biodata and, accord-
ingly, the accuracy of measurement of the biodata is
consequently lowered. In view of this, in the optical bio-
data measuring apparatus embodying the present
invention, the heating plate 1 can be selectively heated
or cooled by a heating and cooling unit 13 which is con-
trolled by a temperature control device 14 operable to
control the heating and cooling unit 13 to control the
temperature of the heating plate 1 to a predetermined
temperature.

[0026] Results of measurement of the spectra of the
light reflected from the area to be measured when the
body temperature was 36°C, 30°C and 27°C, respec-
tively, are shown in Fig. 11. To obtain these measure-
ment results, optical fibers were used, a portion of the
palm of a patient's hand was used for the area to be
measured, and the spectrum of the light reflected from
that portion of the palm were measured. During the
spectral measurement, the temperature in the vicinity of
the area to be measured was also measured and is
taken as the body temperature. In the graph of Fig. 11,
the spectrum measured at the body temperature of
37°C is taken as a standard spectrum and the spectral
strength is expressed in terms of the difference between
this standard spectrum and the spectrum measured at
each of the other body temperatures. As Fig. 11 makes
it clear, the spectral strength changes with change in
body temperature. According to the results of measure-
ment shown in Fig. 11, it will readily be seen that the
biodata measurement need be performed with the body
temperature kept at a predetermined value.

[0027] Also, generally in the optical biodata measuring
apparatus, change in contact pressure between the
area to be measured and the detecting probe 3 during
the measurement tends to be accompanied by change
in measurement of the biodata to a certain extent and,
accordingly, the accuracy of measurement of the bio-
data is consequently lowered. In addition, unless the
area to be measured is held in tight contact with the
detecting probe 3, the accuracy of measurement of the
biodata tends to be lowered. In view of this, the optical
biodata measuring apparatus embodying the present
invention is provided with a pressure regulating device
for regulating the pressure of contact of the area to be
measured with the detecting probe 3 to a predeter-
mined value at all times during the measurement and
also for enhancing the contact of the area to be meas-
ured with the detecting probe 3.

[0028] Hereinafter, the details and the function of the
pressure regulating device will be discussed with partic-
ular reference to Figs. 1 and 2. This pressure regulating
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device comprises a generally U-shaped box 15 which
serves as a housing and which is placed on the upper
surface of the heating plate 1 so as to cover the detect-
ing probe 3. More specifically, this box 15 includes a
generally rectangular top wall and left and right side
walls lying perpendicular to the top wall and is placed on
the top surface of the heating plate 1 so as to straddle
immediately above the detecting probe 3. Front and rear
areas of the box 15 as viewed in a direction conforming
to the direction of insertion of the patient's hand 2 are
left open so that the patient can insert his hand 2 into a
space delimited by the top and side walls of the box 15
so as to place the palm at a predetermined measuring
position above the heating plate 1.

[0029] A hollow cylindrical member 16 having a longi-
tudinal center axis is fixedly connected to an undersur-
face of the top wall of the box 15 with the longitudinal
center axis lying perpendicular to the undersurface
thereof and aligned with the detecting probe 3. As
shown in Fig. 2, a portion of the top wall of the box 15
aligned with the longitudinal center axis of the hollow
cylindrical member 16 is bored and internally threaded
to provide a internally threaded hole 24. An externally
threaded screw rod 18 is threadingly inserted in this
internally threaded hole 24. This screw rod 18 extends
from above the top wall of the box 15 and into the hollow
of the cylindrical member 16 through the internally
threaded hole 24 and has an upper end formed with an
adjustment knob 17. A lower end of the screw rod 18
remote from the adjustment knob 17 and situated inside
the cylindrical member 16 has a disc-shaped plate 19
secured thereto. The adjustment knob 17 is provided for
an operator's hand to turn the screw rod 18 and is, for
this purpose, ergonomically shaped to allow it to be
gripped comfortably. It is to be noted that the screw rod
18 has a length greater than the length of the cylindrical
member 16.

[0030] A coiled compression spring 20 is fitted to an
undersurface of the disc-shaped plate 19 with its longi-
tudinal center axis aligned with the longitudinal center
axis of the cylindrical member 16 and a presser plate 21
is fitted to a lower end of the compression spring 20. An
inflated balloon 22 is fitted to an under-surface of the
presser plate 21 and serves as a pressure medium and
is sandwiched between the presser plate 21 and a pres-
sure gauge 23 that is fitted to an undersurface of the
inflated balloon 22.

[0031] The compression spring 20 has a coil diameter
(an outer diameter) which is so chosen as to be sub-
stantially equal to the diameter of the disc-shaped plate
19. Also the length of the compression spring 20 as
measured in a direction conforming to the direction of
expansion is so chosen as to be substantially equal to
the axial length of the cylindrical member 16.

[0032] The presser plate 21 when viewed in a plane
has a surface area sufficient to encompass the palm of
the patient's hand and the inflated balloon 22 is formed
to a size substantially equal to the see of the presser
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plate 21. The balloon 22 may be made of a rubber mate-
rial, a soft synthetic resin or a hard synthetic resin. It is,
however, to be noted that as the pressure medium in
place of the balloon 22, a cushioning member made of
a rubber material, a soft synthetic resin or an inorganic
plastic material may be employed.

[0033] In the pressure regulating device of the struc-
ture described above, the box 15 supports an assembly
comprised of the adjustment knob 17, the screw rod 18,
the disc-shaped plate 19, the compression spring 20,
the presser plate 21, the balloon 22 and the pressure
gauge 23, all of which are a movable member. This
assembly will be hereinafter referred to as a "movable
presser unit". The box 15 has a height as measured
above the top surface of the heating plate 1 which is so
chosen as to allow the cylindrical member 16 and the
movable presser unit (excluding the adjustment know
17 and a portion of the screw rod 18) to be completely
accommodated within the space of the box 15 and, also,
as to permit the hand 2 to be quite naturally inserted in
between the heating plate 1 and the pressure gauge 23
when and so long as the disc-shaped plate 19 is held at
the uppermost position.

[0034] The movable presser unit is arranged so as to
occupy a position above the detecting probe 3 and, in
particular, the pressure gauge 23 is arranged so as to
occupy a position immediately above the detecting
probe 3.

[0035] The pressure regulating device can he oper-
ated in the following manner when in this pressure reg-
ulating device utilizing a biasing force of the
compression spring 20 the hand is desired to be
pressed to such an extent as to permit the pressure of
contact of the area to be measured with the detecting
probe 3 to be of a predetermined constant value.
[0036] While the disc-shaped plate 19 of the pressure
regulating device is moved or held at the uppermost
position, the hand 2 is inserted inside the box 15 from a
rear open area thereof and is subsequently placed at a
predetermined position above the heating plate 1, fol-
lowed by fixing of the hand 2 by means of a positioning
device as will be described later. In this way, the hand 2
can be accurately held at the predetermined measuring
position by means of the positioning device. At this time,
the area of the hand 2 to be measured and the pressure
gauge 23 are positioned immediately above the detect-
ing probe 3.

[0037] Thereafter, the adjustment knob 17 has to be
slowly turned clockwise about the screw rod 18. At this
time, although the screw rod 18 is turned together with
the adjustment knob 17, the screw rod 18 displaces
downwardly a distance corresponding to the amount of
rotation of the adjustment knob 17 because of the screw
rod 18 threadingly received in the internally threaded
hole 24. As a result of the downward shift of the screw
rod 18, the movable presser unit (the adjustment knob
17, the screw rod 18, the disc-shaped plate 19, the com-
pression spring 20, the presser plate 21, the balloon 22
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and the pressure gauge 23) is edgingly lowered towards
the back of the hand. Immediately after the pressure
gauge 23 has been brought into contact with the back of
the hand, values indicated by the pressure gauge 23
have to be observed.

[0038] Further clockwise turn of the adjustment knob
17 brings about contact of the balloon 22 with the back
of the hand 2, following the contact of the pressure
gauge 23 with the back of the hand, with the back of the
hand 2 consequently pressed progressively strongly. At
this time, since the balloon 22 tightly contacts the back
of the hand regardless of surface irregularities of the
back of the hand 2, the hand can be uniformly or evenly
pressed. Continued clockwise turn of the adjustment
knob 17 will result in increase of the pressure applied to
the hand 2, but the clockwise turn of the adjustment
knob 17 is interrupted when a pain is felt in the hand 2.
It is to be noted that at this time the value indicated by
the pressure gauge 23 has exceeded a predetermined
preset value. In other word, the preset value is so cho-
sen as to be a value slightly lower than the value at
which the pain may be felt in the hand 2.

[0039] Thereafter, the adjustment knob 17 has to be
turned counterclockwise to lower the pressure applied
to the hand 2 while the indication given by the pressure
gauge 23 is observed. When the indication of the pres-
sure gauge 23 is lowered down to a value equal to the
preset value, the counterclockwise turn of the adjust-
ment knob 17 is interrupted and the biodata measure-
ment is then carried out.

[0040] At this time, the pressure gauge 23 is held
immediately above the detecting probe 3 and, hence,
the pressure applied to the region (this region being
hereinafter referred to as a "pressure measuring
region”) of the back of the hand 2, which is immediately
above the detecting probe 3, that is, immediately above
the area to be measured, is kept uniform. Since the
pressure measuring region of the back of the hand 2 is
located immediately above and opposite to the area to
be measured, the pressure at the pressure measuring
region is substantially equal to that at the area to be
measured. Accordingly, since the pressure at the pres-
sure measuring region of the back of the hand is kept at
a predetermined value at all times, the pressure at the
area of the palm of the hand to be measured is also kept
at a predetermined value and, consequently, the accu-
racy of measurement of the biodata can be increased.
[0041] The reason that the pressure applied to the
hand 2 is increased to the value in excess of the preset
value and at which the pain is felt in the hand 2 is for the
purpose of enhancing the tight contact of the area to be
measured with the detecting probe 3. Without employ-
ing this technique and if the pressure is progressively
increased from a lower value to a value equal to the pre-
set value, there is the possibility that air bubbles may be
contained in between the detecting probe 3 and the
area to be measured and will therefore impair the accu-
racy of measurement of the biodata. It is to be noted
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that since as hereinbefore discussed the detecting
probe 5 protrudes about 5 mm upwardly from the top
surface of the heating plate 1, the tight contact between
the detecting probe 3 and the area to be measured can
further be enhanced.

[0042] Although in the illustrated embodiment the
pressure regulating device is of a design wherein the
compression spring 20 is utilized to press the hand
back, without resorting to this technique a pneumatic
pressure may be employed to press the hand back such
as shown in Fig. 3. Referring to Fig. 3, an inflatable bal-
loon 26 is employed and is fitted to the undersurface of
the top wall of the box 15. This balloon 26 is communi-
cated with an air pump 28 through a tube 27. The air
pump 28 is of a type capable of selectively pumping air
into or from the balloon 26. The pressure gauge 23 is fit-
ted to an undersurface area of the balloon 26. It is to be
noted that balloon 26 when inflated is of a size sufficient
to cover the hand in its entirety. It is also to be noted that
so long as the balloon 26 is of a size sufficiently accom-
modated inside the box 15, the balloon 26 when inflated
may partly protrude outwardly from the box 15 through
one or both of the front and rear open areas. This bal-
loon 26 is positioned above the detecting probe 3 and
particularly the pressure gauge 23 is positioned imme-
diately above the detecting probe 3.

[0043] The pressure regulating device of the type
wherein the pneumatic pressure is utilized can be oper-
ated generally in the following manner, in order for the
hand 2 to be pressed under a predetermined pressure
applied to the area to be measured which is held in con-
tact with the detecting probe 3.

[0044] While the balloon 26 is deflated, the hand 2 is
to be positioned at a predetermined measuring site by
means of the positioning device in a manner similar to
that effected with the pressure regulating device utilizing
the biasing force of the compression spring 20. At this
time the area of the hand 2 to be measured and the
pressure gauge 23 are positioned immediately above
the detecting probe 3.

[0045] The air pump 28 is operated to supply air to the
balloon 26 to inflate the latter. As the balloon 26 is
inflated, the undersurface area of the balloon 26 and the
pressure gauge 23 are edgingly shifted downwardly
towards the back of the hand 2. Immediately after the
pressure gauge 23 is brought into contact with the back
of the hand, values indicated by the pressure gauge 23
have to be observed.

[0046] Further supply of the air to the balloon 26
brings about contact of the balloon 26 with the back of
the hand 2, following the contact of the pressure gauge
23 with the back of the hand, with the back of the hand
2 consequently pressed progressively strongly with
increase of a pneumatic pressure inside the balloon 26.
At this time, since the balloon 26 tightly contacts the
back of the hand regardless of surface irregularities of
the back of the hand 2, the hand can be uniformly or
evenly pressed. The supply of the air to the balloon 26
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is interrupted when a pain is felt in the hand 2. It is to be
noted that at this time the value indicated by the pres-
sure gauge 23 has exceeded the predetermined preset
value.

[0047] Thereafter, the air pump is operated to dis-
charge the air inside the balloon 26 to deflate the latter
(to lower the pressure inside the balloon 26) to thereby
reduce the pressure applied to the hand 2, while the
indication given by the pressure gauge 23 is observed.
When the indication of the pressure gauge 23 is low-
ered down to a value equal to the preset value, the dis-
charge of the air from the balloon 26 is interrupted and
the biodata measurement is then carried out.

[0048] At this time, the pressure gauge 23 is held
immediately above the detecting probe 3 and, hence,
the pressure applied to the pressure measuring region
of the back of the hand 2, which is immediately above
the detecting probe 3, that is, immediately above the
area to be measured, is kept uniform. Since the pres-
sure measuring region of the back of the hand 2 is
located immediately above and opposite to the area to
be measured, the pressure at the pressure measuring
region is substantially equal to that at the area to be
measured. Accordingly, as is the case with the pressure
regulating device utilizing the biasing force of the com-
pression spring 20, the pressure at the pressure meas-
uring region of the back of the hand is kept at a
predetermined value at all times and, therefore, the
pressure at the area of the palm of the hand to be meas-
ured is also kept at a predetermined value and, conse-
quently, the accuracy of measurement of the biodata
can be increased.

[0049] The reason that the pressure applied to the
hand 2 is increased to the value in excess of the preset
value and at which the pain is felt in the hand 2 is similar
to that described hereinbefore in connection with the
pressure regulating device utilizing the biasing force of
the compression spring 20.

[0050] Where with the pressure regulating device uti-
lizing either the biasing force of the compression spring
20 or the pneumatic pressure, the biodata measure-
ment is carried out while the pressure applied to the
pressure measuring region of the back of the hand is
kept uniform, the biodata measurement is carried out
while the area to be measured contains a blood compo-
nent since the blood circulates in the hand 2. However,
it often occur that the biodata measurement requires no
blood component present in the area to be measured. In
view of this, with the pressure regulating device of the
present invention, the biodata measurement can be car-
ried out in the following manner with no blood compo-
nent present in the area to be measured.

[0051] Where the pressure regulating device utilizing
the biasing force of the compression spring 20 is
employed, after the hand 2 has been positioned at the
predetermined measuring site, the adjustment knob 17
has to be sufficiently turned clockwise to increase the
pressing force applied to the hand 2 to such a value that



13 EP 0 895 747 A2 14

the blood no longer circulates in a region of the hand 2
adjacent the palm. On the other hand, where the pres-
sure regulating device utilizing the pneumatic pressure
is employed, after the hand 2 has been positioned at the
predetermined measuring site, the air pump 28 has to
be operated to increase the pneumatic pressure inside
the balloon 26 sufficiently to such a value that the blood
no longer circulate in the region of the hand 2 adjacent
the palm.

[0052] Thus, with the optical biodata measuring appa-
ratus provided with the pressure regulating device of the
present invention, the biodata can be accurately meas-
ured with the single apparatus either under a condition
in which the blood component is contained in the area to
be measured or under a condition in which no blood
component is contained in the area to be measured.
[0053] Respective results of the actually performed
biodata measurement with and without the pressure
regulating device employed are shown in Fig. 12. Dur-
ing the biodata measurement, the bundled optical fiber
was employed to irradiate the area to be measured, i.e.,
that portion of the palm of a subject, with infrared light
and the spectrum of the light reflected from the area to
be measured was measured. In carrying out while the
biodata measurement, the infrared region of light was
employed, the subject's hand was cyclically placed 15
times and the measurement was carried out each time
the hand was placed. Standard deviations obtained
from those measurement data are shown in the graph of
Fig. 12.

[0054] It is clear from the graph of Fig. 12 that the
standard deviation at most of the wavelength regions is
smaller with the case in which the pressure regulating
device of the present invention as shown by the single-
dotted line was employed than with the case in which no
pressure regulating device was employed as shown by
the solid line. More specifically, where the pressure reg-
ulating device of the present invention is employed, it
can be said that the hand can be accurately placed at
the predetermined measuring site and that variation in
resultant data is consequently minimized to accomplish
a considerably high reproducibility of the measured val-
ues.

[0055] The optical biodata measuring apparatus of the
present invention is also provided with the positioning
device (position regulating device) with which the hand
2 can be fixed at the predetermined measuring site on
the heating plate 1 so that the area to be measured can
be accurately positioned relative to the detecting probe
3. The structure and the function of the positioning
device will now be described with particular reference to
Figs. 4 and 5.

[0056] Fig. 4 illustrates a schematic perspective view
of the positioning device of the present invention and
Fig. 5 illustrates a condition in which the hand 2 is fix-
edly positioned on the heating plate 1 by means of the
positioning device shown in Fig. 4.

[0057] As shown in Figs. 4 and 5, the positioning
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device comprises a generally C-shaped wrist holder
ring 30 in the form of a split ring for holding the wrist,
generally C-shaped first to fifth finger holder rings 31,
32, 33, 34 and 35, each also in the form of a split ring,
for holding thumb, index, middle, ring and little fingers,
respectively, and first to third arresting poles 36, 37 and
38 each engageable with the bottom of a generally V-
shaped crevice delimited between the index and middle
fingers, between the middle and ring fingers or between
the ring and little fingers, respectively, all being mounted
on the heating plate 1. Each of the holder rings 30 to 35
has a split region appearing in the circumference of the
respective holder ring, and the presence of such split
region is mainly intended to facilitate insertion of the
wrist or finger through the respective holder ring at the
time the hand 2 is desired to be fixedly positioned.
[0058] The wrist holder ring 30 is fixedly mounted on
the heating plate 1, with the split region oriented
upwardly, at such a location as to align with the wrist
when the hand 2 is placed at the predetermined meas-
uring site above the heating plate 1. Similarly, each of
the first to fifth finger holder rings 31 to 35 is fixedly
mounted on the heating plate 1, with the split region ori-
ented upwardly, at such a location as to align with an
intermediate portion of the thumb, index, middle, ring or
little finger when the hand 2 is placed at the predeter-
mined measuring site above the heating plate 1.

[0059] More specifically, as shown in Fig. 6A, a portion
of each of the holder rings 30 to 35 which is substan-
tially diametrically opposite to the respective split region
and which is held in contact with the heating plate 1 has
a set screw 39 secured thereto. Accordingly, each of the
holder rings 30 to 35 can be fixedly mounted on the
heating plate 1 by threadingly engaging the set screw
39 in an internally threaded hole (not shown) defined in
the heating plate 1.

[0060] Alternatively, as shown in Fig. 6B, that portion
of each of the holder rings 30 to 35 which is substan-
tially diametrically opposite to the respective split region
and which is held in contact with the heating plate 1 may
have a perforation 40 defined therein so that a screw
member can be passed through the perforation in each
holder ring 30 to 35 and then threadingly engaged in a
corresponding internally threaded hole (not shown) in
the heating plate 1 to thereby secure the respective
holder ring to the heating plate 1.

[0061] Although not shown, each holder ring 30 to 35
may be fixedly mounted on the heating plate 1 by
means of a pin either connected to or separate from the
respective holder ring, which pin is inserted into a corre-
sponding hole defined in the heating plate 1.

[0062] Each of the first to third arresting poles 36 to 38
is fixedly mounted on the heating plate 1 at such a loca-
tion that the respective arresting pole 36 to 38 can
engage the bottom of the generally V-shaped crevice
between the index and middle fingers, between the mid-
dle and ring fingers or between the ring and little fingers,
respectively. Also, each of the first to third arresting
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poles 36 to 38 has a height above the heating plate 1
that is somewhat lower than the thickness of the hand 2
placed on the heating plate 1.

[0063] To connect each of the first to third arresting
poles 36 to 38, as shown in Fig. 7A, each arresting pole
has a lower end formed with a coaxial screw member 41
that is threadingly engaged in a corresponding inter-
nally threaded hole (not shown) defined in the heating
plate 1 to fixedly mount the respective arresting pole on
the heating plate 1. Alternatively, as shown in Fig. 7B,
each arresting pole may have that lower end formed
with a coaxial stud pin 42 of a diameter smaller than the
respective arresting pole, which stud pin 42 is press-fit-
ted into a corresponding hole (not shown) defined in the
heating plate to thereby fixedly mount the respective
arresting pole on the heating plate 1.

[0064] In the meantime, the size of the hand from
which the biodata is measured varies from a subject to
another and, therefore, the use of the holder rings 30 to
35 and the arresting poles 36 to 38 requires them to be
repositioned on the heating plate 1 to accommodate a
different size of the hand. Accordingly, in the positioning
device in the illustrated embodiment, the plurality of the
internally threaded holes (or the holes in the case of the
pins) for securing the holder rings 30 to 35 and the
arresting poles 36 to 38 are formed in the heating plate
1 in a predetermined pattern (for example, equally
spaced a few millimeters or in a square arrangement).
Accordingly, the holder rings 30 to 35 and the arresting
poles 36 to 38 can be repositioned at respective posi-
tions encompassed within the predetermined pattern of
the internally threaded holes as desired.

[0065] Accordingly, when the biodata measurement is
to be carried out with respect to a certain subject, and in
the event that one or some of the holder rings 30 to 35
and arresting poles 36 to 38 are deviated from the afore-
said predetermined position, only the holder rings and
arresting poles which are deviated have to be removed
from the heating plate 1 by undoing screws and reposi-
tioned at respective locations matching with or closest
to the positions where they ought to have occupied.
[0066] Also, if the proper internally threaded holes for
securing the holder rings 30 to 35 and arresting poles
36 to 38 are once set in the heating plate 1 for a certain
subject and the respective positions of the internally
threaded holes are recorded, the record can be advan-
tageously utilized to adjust, modify or reposition the
holder rings 30 to 35 and arresting poles 36 to 38 at
respective locations proper to such certain subject even
though the respective positions of the holder rings 30 to
35 and arresting poles 36 to 38 have once been
changed by some reason.

[0067] Each of the holder rings 30 to 35 is made of a
flexible material. The wrist holder ring 30 is shaped to a
size slightly smaller than the wrist to be held thereby,
and each of the first to fifth finger holder rings 31 to 35
is shaped to a size slightly smaller than the respective
finger to be held thereby. Since each of the holder rings
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30 to 35 is made of the flexible material as described
above, and even though each of the holder rings 30 to
35 is shaped to a size slightly smaller than the wrist or
finger to be held thereby, the wrist or the respective fin-
ger can easily be inserted and held thereby. Also, the
wrist or each finger can fit tightly in the associated
holder ring 30 to 35 and can therefore be constrained
firmly at the required position.

[0068] Examples of the material for the holder rings 30
to 35 include, for example, a rubber material, a soft syn-
thetic resin, an inorganic plastic material and a metallic
material. A shape memory alloy may also be used as a
material for the holder rings 30 to 35.

[0069] Specific examples of the material for the arrest-
ing poles 36 to 38 include, for example, a rubber mate-
rial, a soft synthetic resin, a hard synthetic resin, an
inorganic plastic material and a metallic material.
[0070] With the use of the positioning device of the
structure discussed above, the hand 2 can be placed,
i.e., fixed or positioned at the predetermined measuring
site in the following manner.

[0071] The wrist has to be held by the wrist holder ring
30 and the fingers have to be held in the associated first
to fifth finger holder rings 31 to 35. Thereafter, the hand
2 should be slid forwards until the first to third arresting
poles 36 to 38 are brought into contact with the respec-
tive bottoms of the V-shaped crevices between the
index and middle fingers, between the middle and ring
fingers and between the ring and little fingers, respec-
tively.

[0072] In the condition in which the first to third arrest-
ing poles 36 to 38 are engaged with the respective bot-
toms of the V-shaped crevices between the index and
middle fingers, between the middle and ring fingers and
between the ring and little fingers, respectively, the hand
2 can be constrained by those arresting poles 36 to 38
from displacing forwards or rearwards and the hand 2
can also be constrained by the holder rings 30 to 35
from displacing in a direction laterally thereof. Thus, the
hand 2 can be firmly fixed or positioned accurately at
the predetermined measuring site on the heating plate
1.

[0073] Since the holder rings 30 to 35 and the arrest-
ing poles 36 to 38 are arranged at the predetermined
locations on the heating plate 1 and the had 2 can be
positioned at the predetermined site above the heating
plate 1, the detecting probe 3 can be held accurately in
contact with the same area of the palm of the hand 2,
that is, the area to be measured at all times.

[0074] Although in the positioning device of the struc-
ture described above the lateral displacement of the
hand 2 is inhibited by the holder rings 30 to 35, the
present invention may not be limited thereto and a press
unit may be employed which comprises combinations of
a fixed plate and a movable plate to press and sandwich
the wrist or each finger to thereby avoid any possible lat-
eral displacement of the hand 2. The alternative posi-
tioning device provided with the press units is shown in
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a perspective view in Fig. 8, and the manner of use of
the press units to constrain the respective fingers of the
hand 2 is shown in Fig. 9.

[0075] Referring to Figs. 8 and 9, the alternative posi-
tioning device shown therein comprises a wrist press
unit 45 for pressing and sandwiching the wrist, and first
to fifth press units 46 to 50 for pressing and sandwiching
the thumb, index, middle, ring and little fingers, respec-
tively, of the hand 2, in combination with the first to third
arresting poles 36 to 38 which function in the manner
described hereinbefore.

[0076] The wrist press unit 45 is fixedly mounted on
the heating plate 1 at such a location as to align with the
wrist when the hand 2 is placed at the predetermined
measuring site above the heating plate 1. Similarly,
each of the first to fifth finger press units 46 to 50 is fix-
edly mounted on the heating plate 1 at such a location
as to align with an intermediate portion of the thumb,
index, middle, ring or little finger when the hand 2 is
placed at the predetermined measuring site above the
heating plate 1.

[0077] As shown in Fig. 10, each of the press units 45
to 50 includes a base plate (a press unit fixing plate) 51
having a plurality of, for example, four, screw holes 57
for securing the base plate 51 to the heating plate 1 by
means of respective set screws (not shown), a fixed
plate 52 fixedly mounted on the base plate 51 at a pre-
determined position, and a movable plate support mem-
ber 53 also fixedly mounted on the base plate 51 at a
location spaced from the fixed plate 52. The movable
plate support member 53 is formed with an internally
threaded hole 57 through which an adjustment screw 54
is threadingly received. The adjustment screw 54 has its
longitudinal axis lying perpendicular to a plane of the
fixed plate 52, and a movable plate 56 is secured to one
end of the respective adjustment screw 54 adjacent the
fixed plate 52. The opposite end of the respective
adjustment screw 54 is provided with a knob 55. It is to
be noted that the movable plate 56 connected with the
adjustment screw 54 confronts and lies parallel to the
plane of the fixed plate 52. Although not shown, one of
opposite surfaces of each of the fixed and movable
plates 52 and 56 which is held in contact with the wrist
or finger is lined with a cushioning material to protect
the wrist or finger.

[0078] In each of the press units 45 to 50, when the
knob 55 is turned clockwise, the adjustment screw 54
and the knob 55 displace or advance together with the
movable plate 56 in a direction shown by the arrow X1
since the adjustment screw 54 threadingly received in
the internally threaded holes in the associated movable
plate support member 53, with the movable plate 56
consequently moved towards the fixed plate 52. On the
other hand, when the knob 55 is turned counterclock-
wise, the adjustment screw 54 and the knob 55 displace
or retract together with the movable plate 56 in a direc-
tion shown by the arrow X2, with the movable plate 56
consequently separated away from the fixed plate 52.

10

15

20

25

30

35

40

45

50

55

10

Accordingly, when and after the wrist or finger is placed
in between the fixed and movable plates 52 and 56 and
the knob 55 is subsequently turned clockwise, the wrist
or finger can be pressed and sandwiched by the mova-
ble plate 56 cooperating with the fixed plate 52. The
pressure under which the wrist or finger is sandwiched
between the fixed and movable plates 52 and 56 can be
adjusted by finely adjusting the knob 55, i.e., finely turn-
ing the knob 55 clockwise or counterclockwise.

[0079] Although in each of the press units 45 to 50 dis-
cussed above the fixed and movable plates 52 and 56
have been described and shown as lying parallel to
each other, they may be laid so as to converge in a
direction upwardly of the respective base plate 51 such
that the space between respective upper edges of the
fixed and movable plates 52 and 56 is smaller than the
space between respective lower edges thereof. This
arrangement is particularly advantageous in that the
wrist or finger can be tightly held in position with the
fixed and movable plates 52 and 55 tightly contacting it
while the wrist or finger is urged downwardly to tightly
contact the heating plate 1.

[0080] To change the position of each of the press
units 45 to 50 on the heating plate 1, the base plate 51
of the respective press unit has to be removed from the
heating plate 1 by undoing the set screws and then
reposition it to a different location on the heating plate 1
with the set screws again fastened to the heating plate
1. The heating plate 1 has a plurality of screw holes
defined therein in a predetermined pattern for thread-
ingly receiving the respective set screws used to secure
the base plates 51 of the press units 45 to 50 to the
heating plate 1. Accordingly, the press units 45 to 50
can be repositioned on the heating plate 1 at respective
locations encompassed by the pattern of arrangement
of the screw holes.

[0081] Although in each of the press units 45 to 50 the
movable plate 56 can be moved to press the wrist or fin-
ger against the fixed plate 52 by turning the knob 55, the
present invention is not limited thereto. For example, a
biasing spring operable to normally urge the movable
plate 56 towards the fixed plate 52 may be employed so
that the wrist or finger can be pressed and sandwiched
between the fixed and movable plates 52 and 56 by the
effect of the biasing force of the spring. In such case, in
order to assuredly fix the wrist or finger in position, the
biasing spring for each press unit must be of a type
capable of exerting the sufficiently high biasing force.
[0082] Respective results of the actually performed
biodata measurement with and without the positioning
device employed are shown in Fig. 13. During the bio-
data measurement, the bundled optical fiber was
employed to irradiate the area to be measured, i.e., that
portion of the palm of a subject, with near infrared light
and the spectrum of the light reflected from the area to
be measured was measured. In carrying out while the
biodata measurement, the infrared region of light was
employed, the subject's hand was cyclically placed 15



19

times and the measurement was carried out each time
the hand was placed. Standard deviations obtained
from those measurement data are shown in the graph of
Fig. 13.

[0083] It is clear from the graph of Fig. 13 that the
standard deviation at most of the wavelength regions is
smaller with the case in which the positioning device of
the present invention as shown by the single-dotted line
was employed than with the case in which no position-
ing device was employed as shown by the solid line.
More specifically, where the pressure regulating device
of the present invention is employed, it can be said that
the had can be accurately placed at the predetermined
measuring site and that variation in resultant data is
consequently minimized to accomplish a considerably
high reproducibility of the measured values.

[0084] Although the present invention has been
described in connection with the preferred embodiment
thereof with reference to the accompanying drawings, it
is to be noted that various changes and modifications
are apparent to those skilled in the art. Such changes
and modifications are to be understood as included
within the scope of the present invention as defined by
the appended claims, unless they depart therefrom.

Claims

1. A method of regulating a pressure applied to an
area of a living body to be measured during a bio-
data measurement with the use of a biodata meas-
uring apparatus designed to irradiate with light the
area of the living body by means of a detecting
probe then held in contact with the area of the living
body, then to detect light transmitted through and/or
reflected from the area of the living body, and finally
to measure a predetermined biodata within the liv-
ing body on the basis of a spectrum of the transmit-
ted and/or reflected light, said method comprising
the step of pressing, during the biodata measure-
ment, the area of the living body with a predeter-
mined pressure through a soft pressure medium to
thereby regulate the pressure applied to the area of
the living body to a value equal to the predeter-
mined pressure.

2. The method as claimed in Claim 1, wherein the
area of the living body is pressed from above the
area of the living body.

3. The method as claimed in Claim 1 or 2, wherein
equalization of the applied pressure to the predeter-
mined value is carried out by increasing the pres-
sure applied to the area of the living body to a value
higher than the predetermined value, and subse-
quently lowering the applied pressure down to a
value equal to the predetermined value.

4. A pressure regulating device for regulating a pres-
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10.

11.

20

sure applied to an area of a living body to be meas-
ured during a biodata measurement with the use of
a biodata measuring apparatus designed to irradi-
ate with light the area of the living body by means of
a detecting probe then held in contact with the area
of the living body, then to detect light transmitted
through and/or reflected from the area of the living
body, and finally to measure a predetermined bio-
data within the living body on the basis of a spec-
trum of the transmitted and/or reflected light, said
apparatus comprising:

a pressing means for pressing, during the bio-
data measurement, the area of the living body
with a predetermined pressure through a soft
pressure medium; and

a pressure gauge fitted to the pressing means
so as to intervene between the pressing means
and the living body during the biodata meas-
urement.

The apparatus as claimed in Claim 4, wherein said
pressure gauge is positioned immediately above
the detecting probe.

The apparatus as claimed in Claim 4 or 5, wherein
said pressure medium comprises a balloon made
of a material selected from the group consisting of
a rubber material, a soft synthetic resin and a hard
synthetic resin.

The apparatus as claimed in Claim 4 or 5, wherein
said pressure medium comprises a cushioning
member made of a material selected from the
group consisting of a rubber material, a soft syn-
thetic resin and an inorganic plastic material.

The apparatus as claimed in Claim 4 or 5, wherein
said pressing means comprises a biasing spring
capable of applying a pressing force to the area of
the living body to press the latter.

The apparatus as claimed in Claim 4 or 5, wherein
said pressing means is operable to apply a pneu-
matic pressure to the area of the living body to
press the latter.

The apparatus as claimed in Claim 4 or 5, wherein
said pressing means is operable to apply a force,
strong enough to interrupt circulation of a blood in
the area of the living body, to the area of the living
body to press the latter.

The apparatus as claimed in any one of Claims 4 to
10, further comprising a plate for supporting ther-
eon the living body during the biodata measure-
ment and wherein said detecting probe protrudes a
distance outwardly from a top surface of the plate.
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12. The apparatus as claimed in any one of Claims 1 to
10, further comprising a plate for supporting ther-
eon the living body during the biodata measure-
ment and a plate temperature control means for
controlling a temperature of the plate to a predeter-
mined value.
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